Identification of actin as a 15-deoxy-Delta12,14-prostaglandin J2 target in neuroblastoma cells: mass spectrometric, computational, and functional approaches to investigate the effect on cytoskeletal derangement.
A proteomic approach was used to identify 15-deoxy-Delta12,14-prostaglandin J2 (15d-PGJ2) protein targets in human neuroblastoma SH-SY5Y cells. By using biotinylated 15d-PGJ2, beta-actin was found as the major adducted protein; at least 12 proteins were also identified as minor biotin-positive spots, falling in different functional classes, including glycolytic enzymes (enolase and lactate dehydrogenase), redox enzymes (biliverdin reductase), and a eukaryotic regulatory protein (14-3-3gamma). 15d-PGJ2 induced marked morphological changes in the actin filament network and in particular promoted F-actin depolymerization as confirmed by Western blot analysis. By using a mass spectrometric approach, we found that 15d-PGJ2 reacts with isolated G-actin in a 1:1 stoichiometric ratio and selectively binds the Cys374 site through a Michael adduction mechanism. Computational studies showed that the covalent binding of 15d-PGJ2 induces a significant unfolding of actin structure and in particular that 15d-PGJ2 distorts the actin subdomains 2 and 4, which define the nucleotide binding sites impeding the nucleotide exchange. The functional effect of 15d-PGJ2 on G-actin was studied by polymerization measurement: in the presence of 15d-PGJ2, a lower amount of F-actin forms, as followed by the increase in pyrenyl-actin fluorescence intensity, as the major effect of increasing 15d-PGJ2 concentrations occurs on the maximum extent of actin polymerization, whereas it is negligible on the initial rate of reaction. In summary, the results here reported give an insight into the role of 15d-PGJ2 as a cytotoxic compound in neuronal cell dysfunction. Actin is the main protein cellular target of 15d-PGJ2, which specifically binds through a Michael adduction to Cys374, leading to a protein conformational change that can explain the disruption of the actin cytoskeleton, F-actin depolymerization, and impairment of G-actin polymerization.